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(57) ABSTRACT 

A device having variable inspiratory resistance suitable for 
measuring the inspiratory strength of a patient Which com 
prises a chamber in communication With a mouthpiece. The 
chamber is provided With a calibration system for measuring 
the inhalation ?oW rate during inhalation through the mouth 
piece. The calibration system is also provided With a vari 
able resistance feature Where the air?ow resistance may be 
altered. 

21 Claims, 5 Drawing Sheets 
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DEVICE FOR MEASURING INSPIRATORY 
STRENGTH 

This application is ?led pursuant to 35 U.S.C. §371 as a 
United States National Phase Application of International 
Application No. PCT/EP99/00949, Which claims priority 
from GB9803363.2 ?led Feb. 17, 1998 and GB9816677.0 
?led Jul. 30, 1998. 

This invention relates to an inhalation device suitable for 
measuring the inspiratory strength of a patient and a method 
of using the same. 
A number of inspiratory ?oW meters are knoWn Which 

may be used to measure inspiration ?oW rate, and length of 
inspiration achieved by a patient. 

US. Pat. No. 5,167,506 describes an inhalation device 
training system Which comprises a sensor Which continu 
ously measures the inhalation ?oW rate during inhalation 
through the mouthpiece and provides an electric signal 
Which varies continuously with How rate. The electrical 
signal is useful for monitoring inspiration ?oW rate, and 
length of inspiration, amongst other parameters. 

Inhalation devices are knoWn to be used for local admin 
istration of drugs to the respiratory tract and lungs of patients 
suffering from respiratory disorders eg asthma. Medica 
ment for administration by inhalation should be of a con 
trolled particle siZe in order to achieve maximum penetra 
tion into the lungs, preferably in the range of 1 to 10 
micrometers in diameter and more preferably 1 to 5 
micrometers. Unfortunately, poWders in this particle siZe 
range, for example micronised poWders, usually have very 
poor ?oW characteristics due to the cohesive forces betWeen 
the individual particles Which make them readily agglom 
erate together to form bridges Which are not readily broken 
apart to become free ?oWing. These agglomerates of poWder 
can be easily handled and may be used to ?ll poWder 
inhalation devices. HoWever, for ef?cient delivery to the 
lungs, the poWder agglomerates must be broken doWn 
before they leave the device, back into a controlled siZe. It 
has been found that it is possible to break up poWder 
agglomerates in the air?oW as a user inhales by incorporat 
ing a series of baffles in the mouthpiece of a poWder 
inhalation device. The baffles create turbulence and cause 
the air How to collide With the baffles promoting the disin 
tegration of poWder agglomerates entrained in the air How to 
render the poWder in a form suitable for inhalation therapy. 
The use of these baf?es in such devices creates a resistance 
to air?oW Within the device. Examples of such devices are 
RotohalerTM, DiskhalerTM and TurbohalerTM. 

Different metered dose inhalers have different levels of 
resistance associated With them, because of the varying 
device designs. Persson’s study (Eur Respir J. 1997 10 
681—684) has shoWn that the inhalation effort required to use 
inhalation devices effectively depends in the peak inspira 
tory ?oW achievable by the subjects. It is also acknoWledged 
in this study that a minimum ?oW rate is needed to achieve 
ef?cient use of inhalation devices, and this How rate can 
differ With type of device. 

HoWever, the problem With the inspiratory ?oW rate 
meters knoWn is that Whilst they measure the maximum 
inspiratory ?oW rate achievable by a patient under little or no 
resistance, they do not indicate the effort expended by a 
patient to achieve such a rate. The maximum ?oW rate 
achievable by a patient is affected by the resistance to 
air?oW associated With a meter. In the context of inhalation 
therapy, more severely affected patients may not have the 
inspiratory strength to be able to achieve ?oW rates above a 
certain minimum, if the resistance of the meter is too great. 

10 

15 

25 

35 

45 

55 

65 

2 
This is important as the effectiveness for a given inhalation 
device is dependent on patient’s ?oW rate being above a 
certain minimum level, such levels differing betWeen 
devices. It is therefore crucial to the selection of appropriate 
therapeutic treatment to be able to measure the inspiratory 
strength of a patient. 

According to the invention there is provided a device 
having inspiratory resistance suitable for measuring the 
inspiratory strength of a patient Which comprises a chamber 
in communication With a mouthpiece, said chamber being 
provided With a calibrated system for measuring the inha 
lation ?oW rate during inhalation through the mouthpiece 
and said chamber having a system by Which the resistance 
to air?oW through the device can be altered. 
A device according to the invention is simple to use and 

provides clinicians With a useful tool With Which to teach 
patients hoW to use various inhalation devices efficiently by 
alloWing a patient to experience hoW to achieve the desired 
?oW rate under the correct resistance. It also alloWs clini 
cians to select the most suitable inhalation device for a 
patient, taking into account the patient’s ability to produce 
the minimum air?oW rate needed to operate the device 
ef?ciently. 

Preferably the device comprises an elongate chamber 
de?ning a through-going pathWay having ?rst and second 
ends; Wherein the calibration system comprises a sliding 
member Which is retained Within the chamber betWeen the 
?rst and second ends and slides Within the chamber When the 
pressure at the ?rst end of the chamber is reduced by patient 
inspiration and Where the variable resistance feature com 
prises means for varying the area through Which the air 
enters the second end of the chamber such that the inspira 
tory resistance of the device may be varied by altering the 
area through Which the air enters the chamber at the second 
end of the chamber. 

Alternately and more preferably the device comprises an 
elongate chamber de?ning a through-going pathWay having 
?rst and second ends; Wherein the calibration system com 
prises a sliding member Which is retained Within the cham 
ber betWeen the ?rst and second ends and slides Within the 
chamber When the pressure at the ?rst end of the chamber is 
reduced by patient inspiration and Where the variable resis 
tance feature comprises means for varying the area through 
Which the air leaves the ?rst end of the chamber to the 
mouthpiece such that the inspiratory resistance of the device 
may be varied by altering the area through Which the air 
leaves the chamber at the ?rst end of the chamber. 

The chamber may at its ?rst end incorporate a cap located 
betWeen the ?rst end of the chamber and the mouthpiece to 
reduce the area of the chamber. 

Preferably the chamber is of circular cross section and 
more preferably tapered so that the cross section at the 
mouthpiece end is greater than at the second end. 

Preferably the calibration system comprises calibrations 
along the length of the chamber such that the distance of 
travel of the sliding member along the chamber from its 
resting position during patient inspiration is indicative of the 
maximum inspiratory ?oW rate of the patient. In this 
embodiment the chamber Will be transparent or translucent 
to enable the position of the sliding member to be seen. 

Alternatively the calibration system comprises calibra 
tions along the length of the sliding member such that the 
distance of travel of the sliding member along the chamber 
from its resting position during patient inspiration is indica 
tive of the maximum inspiratory ?oW rate of the patient. 

Preferably the sliding member is provided With means to 
guide its movement along the length of the chamber. 
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Even more preferably the guiding means comprise a rod 
located along the axis of the chamber along Which the 
sliding member moves on patient inspiration. 

Preferably a means for enabling the sliding member to be 
restored to its resting position after use is provided. 

Even more preferably the means for enabling the sliding 
member to be restored to its resting position after use 
comprises a Weight. 

Preferably the means for varying the area through Which 
the air enters the second end of the chamber or leaves the 
?rst end of the chamber comprises an iris, and even more 
preferably the iris has tWo or more de?ned aperture siZe 
settings. 

Alternatively and more preferably the means for varying 
the area through Which the air enters the second end of the 
chamber or leaves the ?rst end of the chamber comprises the 
provision of tWo co-operating aperture bearing plates, such 
that by choice of relative orientation of the tWo plates the 
siZe of the area through Which air enters the second end of 
the chamber or leaves the ?rst end of the chamber, may be 
varied. 

Preferably each plate is provided With at least tWo 
apertures. 

Preferably tWo or more speci?ed orientations of the tWo 
co-operating aperture-bearing plates are provided to de?ne 
tWo or more speci?ed areas through Which air enters the 
device. 

Even more preferably at least one speci?ed orientation of 
the tWo co-operating aperture-bearing plates provides the 
device With a resistance matching that of an inhalation 
device. 

In an alternative embodiment the area through Which the 
air enters the second end of the chamber or leaves the ?rst 
end of the chamber is de?ned by a ring formed betWeen the 
inner surface of a portion of the chamber and the outer 
surface of a portion of a co-operating section having one or 
more apertures, at least one of the chamber and the 
co-operating section being tapered in said portion, Whereby 
movement of the chamber relative to the co-operating 
section, along the longitudinal axis of the chamber alters the 
area of the ring, and hence the resistance to air ?oW. On 
inhalation by the patient, air may ?oW through the device, 
via the apertures and the ring. 

Preferably the co-operating section is situated betWeen 
the ?rst end of the chamber and the mouthpiece. 

Preferably the outer surface of the portion of the 
co-operating section is tapered. 

It is particularly preferred that the taper is a curved taper. 
More preferably both the inner surface of the portion of 

the chamber and the outer surface of the portion of the 
co-operating section are tapered. 

Most preferably both tapers are curved tapers. 
Preferably the curve of the taper Will be con?gured to 

give resolution of the calibration scale. 
Preferably the movement is rotational movement of the 

co-operating section relative to the chamber Which leads to 
transitional movement of the co-operating section relative to 
the chamber along the longitudinal axis of the chamber. This 
facilitates calibration. 

Preferably the co-operation betWeen the chamber and 
co-operating section is by means of a screW and thread 
system. 

Preferably tWo or more speci?ed positions along the 
longitudinal axis of the device are provided to de?ne tWo or 
more areas of the ring. Preferably these positions are de?ned 
by lining up a mark on the co-operating section With a mark 
on the chamber. 
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4 
Even more preferably at least one speci?ed position 

along the longitudinal axis provides the device With a 
resistance matching that of an inhalation device. 

Preferably the co-operating section has at least tWo 
apertures. 

Preferably the apertures are arranged symmetrically 
around the co-operating section. 
A further aspect of the invention is a method of measur 

ing the inspiratory strength of a patient by use of a device 
according to any preceding claim Which comprises measur 
ing the effort required to obtain a inspiratory ?oW rate as 
measured by the calibration system, at different resistance 
settings of the variable resistance feature. 

Even more preferably this method comprises measuring 
the effort required to move the sliding member a desired 
distance along the chamber at different settings of the area 
through Which the air enters the chamber at the second end 
of the chamber or leaves the ?rst end of the chamber. 

Another aspect of the invention is a device adapted for 
use With any conventional inspiratory ?oW rate meter Which 
comprises a variable resistance feature providing means for 
varying the resistance to air?oW through the inspiratory ?oW 
rate meter. 

The invention is further described beloW With reference 
to the accompanying draWings in Which: 

FIG. 1 is a perspective vieW of the assembled device 
according to the invention; 

FIG. 2 is an exploded perspective vieW of the device of 
FIG. 1 shoWing the main body components; 

FIG. 3 is a cross section through an alternative embodi 
ment of the invention; 

FIG. 4 is an exploded perspective vieW of the device of 
FIG. 3; 

FIG. 5 is a cross section through an alternative embodi 
ment of the invention; 

FIG. 6 is a perspective vieW of the device of FIG. 5; 
FIG. 7 is an exploded perspective vieW of the variable 

resistance means as used in the device of FIGS. 5 and 6. 
FIG. 8 is an exploded perspective vieW of an alternative 

embodiment of the invention. 
FIG. 9 is a cross-section of the device of FIG. 8 in a 

closed position so that there is no air ?oW through the 
device. 

In the embodiment of FIG. 1, the device comprises a 
body 1 formed of a chamber 2 and cap 3 both of Which may 
be moulded from a plastics material such as polycarbonate 
and a disposable mouthpiece section 4 through Which a user 
can inhale Which may advantageously made of cardboard. 
The variable resistance feature 5 is rotationally connected to 
the chamber 2. As seen in FIG. 2, the cap 3 is provided With 
apertures 6 to alloW air?oW from the chamber through the 
mouthpiece 4 on inhalation by a user. The chamber 2 is 
provided With slots 7 and the variable resistance means is 
provided With holes 8. Different relative orientations of the 
variable resistance feature 5 and the chamber 2 result in 
different quantities of overlap betWeen the slots 7 and the 
holes 8, resulting in different resistances to air?oW on 
inhalation by the user. The different resistances are indicated 
on the resistance calibration scale 9 When the mark 10 on the 
variable resistance feature 5 is aligned With different marks 
11 on the chamber 2. The sliding member 12 is movably 
mounted on the guide rod 13 Which is retained Within the 
chamber 2. On inhalation by the user, the sliding member 12 
and indicator 14 are draWn by the air?oW along the guide rod 
13. The indicator 14 comes to rest When the maximum ?oW 
rate is achieved and this rate can be measured by the position 
of the indicator 14 against the calibrated ?oW rate scale 15. 
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The maximum ?oW rate is dependent on the level of 
resistance to air?ow indicted by the resistance calibration 
scale 9. In general a resistance calibration scale is provided 
for each resistance feature. The indicator 14 is returned to its 
resting position after use by the Weight 16. 

FIGS. 3, 4, 5, 6 and 7 shoW an alternative embodiment 
Where the variable resistance feature 5 is situated betWeen 
the cap 3 and the mouthpiece 4. The different levels of 
resistance are achieved by aligning the slots 7 in the variable 
resistance feature 5 With the slots 17 in the cap 3. The 
different resistances are indicated on the resistance calibra 
tion scale 9 When one of the marks 19 on the variable 
resistance feature 5 is aligned With mark 20 on the cap 3. 

An alternative sliding means is shoWn in FIGS. 5 and 6 
Where inhalation by the user through the mouthpiece 4 
causes the plunger 18 to be draWn into the chamber 2 and the 
maXimum ?oW rate is indicted by position of the plunger 18 
With respect to the chamber 2 on the calibrated scale 21 on 
the plunger 18. 

FIGS. 8 and 9 shoW an alternative embodiment Where the 
variable resistance feature 5 is situated betWeen the chamber 
2 and the mouthpiece 4. Rotational movement of the 
co-operating section 22 (shoWn here as tWo independent 
components, 22a and 22b) connected by a screW and thread 
system 23 to chamber 2 causes movement of the 
co-operating section 22 relative to the chamber 2 along the 
longitudinal aXis of the device, so increasing and decreasing 
area of the ring de?ned by the distance betWeen the inner 
surface 24 of the chamber and the outer surface 25 of the 
co-operating section 22 providing different levels of resis 
tance. 

Whilst the co-operating section can be advantageous 
manufactured in tWo parts, Which parts are then ?xed 
permanently together on assembly, as illustrated, it Will be 
appreciated that it may alternatively be manufacture in a 
single part. 

The level of resistance is indicated on the resistance 
calibration scale When the notch 26 is aligned With a mark 
20 on the chamber 2. 

On inhalation by the user, air ?oWs through the device by 
Way of the chamber 2, through the ring formed betWeen the 
inner surface 24 of the chamber and the outer surface 25 of 
the co-operating section 22 through the apertures 27 into the 
co-operating section and then leaves the device via the 
mouthpiece 4. 
What is claimed is: 
1. Adevice having variable inspiratory resistance suitable 

for measuring the inspiratory strength of a patient compris 
ing: 

an elongate chamber having, ?rst and second ends, in 
communication With a mouthpiece including: a cali 
bration system adapted to measure the inhalation ?oW 
rate and a variable resistance system adapted to vary 
the resistance to air?oW through the device; 

Wherein the air?oW area of the ?rst end of the chamber is 
de?ned by the inner surface of a portion of the chamber 
and by the outer surface of a portion of a plurality of 
co-operating plates each having one or more apertures; 

Wherein a portion of at least one of the chambers and 
co-operating plates are at least partially tapered; 

Wherein the co-operating plates are situated betWeen the 
?rst end of the chamber and the mouthpiece; 

Wherein the outer surface of the co-operating plate is 
tapered, and 
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Wherein the calibration system comprises a sliding mem 

ber adapted to be retained Within the chamber When the 
pressure at the ?rst end of the chamber is reduced by 
patient inspiration. 

2. A device as claimed in claim 1 Wherein the chamber is 
of circular cross sectional area. 

3. A device as claimed in claim 2 Wherein the calibration 
system comprises calibrations along the length of the 
chamber, Wherein the distance traveled by a sliding member 
along the chamber from a resting position during patient 
inspiration is indicative of the maXimum inspiratory ?oW 
rate of the patient. 

4. A device claimed in claim 1 Wherein the sliding 
member is provided With a guide. 

5. A device as claimed in claim 4 Wherein the guide 
includes a rod located along the aXis of the chamber along 
Which the sliding member moves upon patient inspiration. 

6. A device as claimed in claim 5 further comprising a 
Weight adapted to restore the sliding member to the resting 
position after use. 

7. A method of measuring the inspiratory strength of a 
patient by use of the device according to claim 1 comprising: 

providing the device of claim 1, and measuring the effort 
required to obtain an inspiratory ?oW rate With the 
calibration system. 

8. A method of measuring the inspiratory strength of a 
patient by use of the device of claim 1 comprising: 

providing the device of claim 1, and measuring the effort 
required to move the sliding member a suitable distance 
along the chamber. 

9. A device as claimed in claim 1 Wherein the variable 
resistance system is an iris. 

10. Adevice as claimed in claim 9 Wherein the iris has tWo 
or more de?ned aperture siZe settings. 

11. A device as claimed in claim 1 Wherein the variable 
resistance system includes tWo co-operating aperture bear 
ing plates adapted to be variously oriented. 

12. A device as claimed in claim 11 Wherein each plate is 
provided With at least tWo apertures. 

13. A device as claimed in claim 12 Wherein tWo or more 
orientations of the tWo co-operating aperture bearing plates 
de?ne tWo or more speci?ed areas through Which air enters 
the device. 

14. A device as claimed in claim 13 Wherein at least one 
orientation of the tWo co-operating aperture-bearing plates is 
adapted to provide a resistance suitable for inhalation. 

15. A device as claimed in claim 1 Wherein the inner and 
outer surface of the plates are tapered. 

16. Adevice as claimed in claim 15 Wherein the plates are 
adapted to rotate and to transition along the longitudinal aXis 
of the chamber. 

17. A device as claimed in claim 16 further including a 
screW and thread system. 

18. A device as claimed in claim 1 Wherein tWo or more 
speci?ed positions along the longitudinal aXis of the device 
are provided to de?ne tWo or more areas of the ring. 

19. A device as claimed in claim 18 Wherein at least one 
position along the longitudinal aXis provides the device With 
a resistance suitable for inhalation. 

20. A device as claimed in claim 19 Wherein at least one 
plate has at least tWo apertures. 

21. A device as claimed in claim 20 Wherein the apertures 
are arranged symmetrically around a co-operating section. 


